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SETTING CONSTRUCTION OF SHIELD CASE 
OR PLANAR ANTENNA ON CIRCUIT BOARD 

Background of the Invention 

f eld of the Invention 



[0001] The present invention relates to a connection structure of components 
on a circuit board, and particularly relates to a connection structure between the 
circuit board and a planar antenna assembled in a wireless device and a setting 
construction of a shield case on the circuit board. 
(2) Prior Art 

[0002] In a mobile wireleso communication device such as for example 
cellular phone, a planar antenna is assembled except for a whip antenna arranged 
extendable with respect to a device body. The planar antenna mentioned above 
Q is mechanically fixed to the circuit board and is electrically connected to a 

SJ predetermined circuit pattern arranged on the circuit board. Various connection 

ta structures between the planar antenna and the circuit board have been proposed. 

^ For example, in Japanese Patent Laid-Open Publication No. 9-284023 (JP-A- 

s 284023), the connection structure between the planar antenna, which is so-called 

rl as an inverted F antenna and the circuit board, is disclosed. 

2 [0003] Fig. 1 shows the connection structure between the planar antenna and 

the circuit board described in JP-A-9-284023. A planar antenna element 1 
formed by performing a punching process and a clinching process for a metal 
plate, which functions for example as a radiation element, a power supply strip 
2a and a short circuit strip 3a formed by bending a narrow strip extended from 
one side end of the planar antenna element 1 in a substantially vertical direction, 
and a power supply terminal 2b and a short circuit terminal 3b extended in 
parallel with respect to the planar antenna element, which are arranged at tip 
portions of these power supply strip and short circuit strip, are integrally formed. 
[0004] Such a planar antenna element is arranged on a circuit board 4 on 
which a predetermined circuit pattern is formed and electric parts are assembled. 
A resonance frequency of the planar antenna is determined by a size of the planar 
antenna element 1 in both long side direction and short side direction, and a size 
and a relative dielectric constant between the planar antenna element 1 and the 
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circuit board 4. Therefore, a spacer 5 made of electrically insulated resin is 
inserted between the planar antenna element 1 and the circuit board 4 so as to 
maintain an interval between the planar antenna element and the circuit board at 
a constant length, thereby obtaining a stable resonance frequency. 
[0005] The power supply terminal 2b and the short circuit terminal 3b are 
brazed respectively to a power supply pad 6 and a short circuit pad 7, which are 
formed on a surface of the circuit board 4. In this manner, the planar antenna is 
mechanically connected to the circuit board 4, and the power supply strip 2a and 
the short circuit strip 2b of the planar antenna are electrically connected to 
predetermined power supply circuit and short circuit formed on the circuit board 
respectively. 

[0006] A rib is formed by bending downward both side ends of the planar 
antenna element 1 along a longitudinal direction so as to improve a mechanical 
stiffness. However, in order to further suppress a variation of interval between 
the planar antenna element 1 and the circuit board 4, a plurality of holes are 
formed on an overall surface of the planar antenna element 1, and a plurality of 
projections 8 positioned corresponding to those of the holes are formed on a 
surface of the spacer 5 at a planar antenna element side. Then, when the planar 
antenna and the circuit board 4 are to be assembled, they are fixed with each 
other by hot pressing after inserting the projections 8 into the holes. Moreover, 
it is not shown in Fig. 1, but a hook construction as a positioning guide is 
prepared on a contact surface of the spacer 5 at a circuit board side. When the 
planar antenna and the circuit board are to be assembled, a mechanical fitting 
means between a guide of the planar antenna and the circuit board is added, and 
the positioning is performed. Further, in order to further assure a fixing of the 
spacer 5, it is proposed that the spacer is fixed by means of screws to a housing 
of the wireless device. 

[0007] The known connection structure between the planar antenna and the 
circuit board has the following problems. 

[0008] At first, since, the power supply terminal 2b and the short circuit 
terminal 3b of the planar antenna element 1, and, the power supply pad 6 and the 
short circuit pad 7 of the circuit board 4, are fixed by brazing, the following 
problems arise. Since the circuit board 4 and electric parts arranged on the 
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periphery thereof are heated by a heat generated when brazing, it is feared that 
they are deformed or fractured. Moreover, since a brazing flux and a brazing 
itself are scattered, it is feared that they are adhered to the circuit board 4 and the 
electric parts arranged on the periphery thereof. Further, since a washing 
operation, which is necessary before and after the brazing operation, is 
complicated, there arises an increase of manufacturing cost. 
[0009] In the case that it is necessary to exchange the planar antenna for some 
reasons, it is necessary to break the connection by brazing. However, such an 
operation is extraordinarily troublesome and takes much cost. In the same 
manner, in the case that the communication device that expires a durable period 
is disposed, the planar antenna can be recycled in the greater number of cases. 
However, when the planar antenna is to be detached from the circuit board 4, it is 
necessary to remove the brazing. Such a removing operation is complicated, 
and thus there arises a problem such that a recycling cost is increased. 
[0010] Secondly, there are following problems regarding the connection 
between the planar antenna and the spacer 5 made of resin or the device housing 
made of resin. When the projections 8 formed on a surface of the spacer 5 are 
inserted into the holes formed to the planar antenna element 1 and the hot 
pressing is performed, a partial deformation due to a heating of the planar 
antenna element or a plastic deformation due to an external load occurs. 
Therefore, it is feared that a resonance frequency is varied. Particularly, a 
thickness of metal plate of the planar antenna is thin for example as 0.15 mm, 
and thus it is easily affected by the hot pressing. Further, the cellular phone 
requires strongly small size, lightweight and low cost, and thus it is required to 
make a thickness of the planar antenna thinner. However, there arises a 
problem such that these requirements cannot be achieved due to the affection of 
the hot pressing. The same problem arises when the planar antenna and the 
resin housing are connected by the hot pressing. Moreover, as described on for 
example "New antenna engineering, (Hiroyuki Arai, April 9, 1996, sougou- 
denshi publisher), page 114", the planar antenna has a complicated shape such 
that slits or slots are formed therein so as to make it small in numerous cases. 
Therefore, the number of connection points by the hot pressing necessarily 
increases, and thus the operation becomes more complicated. 
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[0011] Further, when the planar antenna is subjected to the disassembling 
operation or the disposing operation as mentioned above, it is necessary to 
disassemble the planar antenna from the spacer 5 or the housing. However, an 
operation for breaking the portion formed by the hot pressing is complicated and 
requires much cost. 

[0012] As a method for fixing the planar antenna to the resin spacer 5 or the 
resin housing, the use of adhesives and adhesive tapes may be considered other 
than the hot pressing. However, they are difficult for automating, and thus it is 
disadvantageous from the viewpoint of high efficiency and low cost of the 
assembling operation. 

[0013] In order to overcome or reduce the problems mentioned above, it is 
proposed that the power supply terminal 2b and the short circuit terminal 3b of 
the planar antenna are connected to the circuit board 4 not by brazing but by 
pressing only so as to achieve the electric connection between them. In this 
case, since a contacting pressure between the power supply terminal 2b and the 
short circuit terminal 3b of the planar antenna and the power supply pad 6 and 
the short circuit pad 7 of the circuit board 4 is largely affected for antenna 
characteristics, the positions or sizes of the spacer 5 and the housing must be 
controlled in an extraordinarily severe manner so as to maintain a stable 
contacting pressure. Further, in order to achieve such a stable contacting 
pressure by a secure fixing, the number of the connection portions by the hot 
pressing between the planar antenna and the spacer or the housing must be 
increased considerably. In this case, the problems due to the hot pressing 
mentioned above are not overcome but further increased. 

[0014] Moreover, in the case that the power supply terminal 2b and the short 
circuit terminal 3b of the planar antenna are to be connected to the circuit board 4 
by pressing so as to achieve the electric connection between them, theses 
terminals are easily deformed. Therefore, when the planar antenna is assembled 
in the wireless device or when the planar antenna is strongly grasped or dropped, 
there is a problem such that the planar antenna is easily deformed or fractured. 
[0015] In the construction such that the planar antenna is installed in the 
small wireless device such as cellular phone, there is a large possibility such that 
the planar antenna is contacted to the other electric parts or the surrounding 
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members. In this case, it is a matter of course that the antenna characteristics 
are largely varied when the planar antenna is contacted to conductive members. 
However, even when the planar antenna is contacted to insulation members, the 
antenna characteristics are varied due to the deformation of the planar antenna. 
Therefore, when the spacer or the housing is designed or when the electric parts 
are assembled near the planar antenna, it is necessary not to contact them to the 
planar antenna. Therefore, there is a problem such that the design is restricted 
and troublesome. 

[0016] Further, in the case that a member such as an oscillator for generating 
electromagnetic waves is arranged on the circuit board, in order to prevent an 
affection of the electromagnetic waves for the other circuit parts specifically a 
generation of radiation noise, it is proposed as prior arts that the electric parts are 
enclosed by a shield case made of a conductive metal and the electromagnetic 
waves are shielded so as not to propagate outward. 

[0017] In the case that the shield case mentioned above is assembled on the 
circuit board, as shown in Fig. 23 (Fig. 30), ground wires (ground patterns) are 
formed on the circuit board at portions corresponding to lower ends of the shield 
case and their surrounding portions, and the ground wires and a part of or an 
overall of the lower ends of the shield case are connected by brazing. 
[0018] In the case that the shield case and the ground wires of the circuit 
board are connected in the same manner as that of the known method mentioned 
above, the following problems occur inevitably: 

CD Affection for printed circuit board and electric parts due to the heat of the 

brazing operation (deformation or partial fracture); 
(2) Operation inefficiency for removing the brazing material from the metal case, 

when the shield case is to be recycled on the circuit board that expires the 

duration period; 

(D Complicated operation such as a washing operation before and after the 
brazing; 

® Adhesion of the brazing material to the other circuit elements due to a 
scattering of the flux and the brazing material itself during the brazing 
operation; and 

(D Complicated operation for breaking the connection by the brazing, when the 
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electric parts in the shield case are to be exchanged (In order to overcome the 
problem (D mentioned above, there is the case that, as the shield case, use is 
made of a shield case of so-called two-piece type having a lower truss and an 
upper cap arranged detachably to the truss. In this case, the two-piece 
shield case is liable to be large in height and obstructs a thin construction on 
the circuit board. In addition, it is not possible to overcome the problem 
such that the manufacturing cost is high. 

Summary of the Invention 
[0019] An object of the invention is to provide a setting construction of a 
shield case or a planar antenna on a circuit board wherein construction parts and 
the circuit board can be electrically and/or mechanically connected in secure, 
stable and easily detachable manner without using a brazing. 
[0020] Another object of the invention is to provide a connection structure 
between the planar antenna and the circuit board wherein the planar antenna and 
the circuit board can be electrically and mechanically connected in secure, stable 
and easily detachable manner without using the brazing. 
[0021] Still another object of the invention is to provide a connection 
structure between the planar antenna and the circuit board, wherein the planar 
antenna and the circuit board can be mechanically connected in secure, stable and 
easily detachable manner without using the brazing, and, wherein a power supply 
terminal and a short circuit terminal of the planar antenna can be electrically 
connected to a power supply pad and a short circuit pad of the circuit board in 
secure and stable manner, thereby obtaining stable antenna characteristics. 
[0022] Still another object of the invention is to provide a connection 
structure between the planar antenna and the circuit board, wherein the planar 
antenna and the circuit board can be connected in secure, stable and easily 
detachable manner without using the brazing, and, wherein the planar antenna 
and a reinforcing member or a housing can be connected in easy, stable and 
easily detachable manner. 

[0023] Still another object of the invention is to provide a connection 
structure between the planar antenna and the circuit board, wherein the planar 
antenna and the circuit board can be connected in secure, stable and easily 
detachable manner without using the brazing, and, wherein deteriorations of 
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antenna characteristics due to a contact between the planar antenna and the 
surrounding electric parts and due to a deformation of the planar antenna can be 
prevented. 

[0024] Moreover, still another object of the invention is to provide a setting 
construction of the shield case on the circuit board wherein the shield case and 
the circuit board can be connected in secure, stable and easily detachable manner 
without using the brazing. 

[0025] Further, still another object of the invention is to provide a setting 
construction of the shield case on the circuit board with an outer casing wherein 
the shield case and the circuit board can be connected by utilizing the outer 
casing in secure, stable and easily detachable manner without using the brazing. 
[0026] According to the invention, a setting construction of a shield case or a 
planar antenna on a circuit board, is characterized in that an elastically 
deformable pin by a bending stress (hereinafter, called as elastically bending pin) 
is arranged to a peripheral end of the shield case made of metal or the planar 
antenna installed in a wireless device, a through hole is arranged to the circuit 
board or the circuit board and an outer casing, and the shield case or the planar 
antenna is electrically and/or mechanically connected to the circuit board or the 
circuit board and the outer casing by inserting the elastically bending pin into the 
through hole. It should be noted that "elastically bending pin" means a pin 
having an elastically bending property in a lateral direction with respect to a pin 
inserting direction. 

[0027] As a specific example, according to the invention, the setting 
construction of the shield case or the planar antenna on the circuit board is 
characterized in that, in the connection structure between the planar antenna 
installed in the wireless device and the circuit board, the planar antenna 
comprises: a planar antenna element; a power supply strip and a short circuit 
strip formed by bending two thin strips projected from one side end of the 
antenna element in a substantially vertical direction with respect to a plane of the 
planar antenna element; and a power supply spring pin and a short circuit spring 
pin that are elastically deformable by the bending stress, which are formed at tip 
portions of the power supply strip and the short circuit strip, and the circuit board 
comprises: a power supply circuit and a short circuit; and a power hole and a 
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short circuit hole each having an inner wall to which a power supply conductive 
layer and a short circuit conductive layer connected to the power supply circuit 
and the short circuit are arranged, wherein the power supply spring pin and the 
short circuit spring pin of the planar antenna are detachably inserted into the 
power supply hole and the short circuit hole of the circuit board in a bending 
deformable manner so as to connect mechanically and electrically the planar 
antenna and the circuit board. 

[0028] Further, according to the invention, the connection structure between 
the planar antenna and the circuit board is characterized in that, the planar 
antenna comprises a plurality of connection spring pins formed by bending a 
plurality of thin strips projected from a side end of the planar antenna element in 
a substantially vertical direction with respect to a plane of the planar antenna 
element at a plurality of portions of the side end of the planar antenna element 
other than the portions at which the power supply strip and the short circuit strip 
are formed, and the circuit board comprises a plurality of connection holes 
formed at the portions corresponding to the plural connection spring pins where 
the power supply circuit, the short circuit, the power supply conductive layer and 
the short circuit conductive layer are not formed, wherein the plural connection 
spring pins of the planar antenna are inserted into the plural connection holes of 
the circuit board in a bending deformable manner so as to connect mechanically 
the planar antenna and the circuit board. 

[0029] According to the invention, the connection structure of the construc- 
tion parts on the circuit board is characterized in that, in the connection structure 
between the planar antenna installed in the wireless device and the circuit board, 
the planar antenna comprises: a planar antenna element; a power supply strip and 
a short circuit strip formed by bending two thin strips projected from one side 
end of the antenna element in a substantially vertical direction with respect to a 
plane of the planar antenna element; a power supply pressure-connection 
terminal and a short circuit pressure-connection terminal that are elastically 
deformable by the bending stress, which are formed at tip portions of the power 
supply strip and the short circuit strip; and a plurality of connection spring pins 
formed by bending a plurality of thin strips projected from a side end of the 
planar antenna element in a substantially vertical direction with respect to a plane 
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of the planar antenna element at a plurality of portions of the side end of the 
planar antenna element other than the portions at which the power supply strip 
and the short circuit strip are formed, and the circuit board comprises: a power 
supply circuit and a short circuit; a power supply conductive pad and a short 
circuit conductive pad connected to the power supply circuit and the short circuit; 
and a plurality of connection holes formed at the portions where the power 
supply circuit, the short circuit, the power supply conductive pad and the short 
circuit conductive pad are not formed, wherein the plural connection spring pins 
of the planar antenna are detachably inserted into the plural connection holes of 
the circuit board in a bending deformable manner so as to connect mechanically 
the planar antenna and the circuit board, and, wherein the power supply pressure- 
connection terminal and the short circuit pressure-connection terminal of the 
planar antenna are pressed to the power supply conductive pad and the short 
circuit conductive pad of the circuit board in a bending deformable manner so as 
to connect electrically the planar antenna and the circuit board. 
[0030] Further, according to the invention, the setting construction of the 
shield case or the planar antenna on the circuit board is characterized in that, in 
the connection structure between the planar antenna installed in the wireless 
device and the circuit board, the planar antenna comprises: a planar antenna 
element, a film made of electrically insulated material being laminated on a 
surface of the planar antenna element opposed to the circuit board and/or a 
surface of the planar antenna on the other side of the surface opposed to the 
circuit board; a power supply strip and a short circuit strip formed by bending 
two thin strips projected from one side end of the antenna element in a substan- 
tially vertical direction with respect to a plane of the planar antenna element; and 
a power supply spring pin and a short circuit spring pin that are elastically 
deformable by the bending stress, which are formed at tip portions of the power 
supply strip and the short circuit strip, and the circuit board comprises: a power 
supply circuit and a short circuit; and a power hole and a short circuit hole each 
having an inner wall to which a power supply conductive layer and a short circuit 
conductive layer connected to the power supply circuit and the short circuit are 
arranged, wherein the power supply spring pin and the short circuit spring pin of 
the planar antenna are detachably inserted into the power supply hole and the 
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short circuit hole of the circuit board in a bending deformable manner so as to 
connect mechanically and electrically the planar antenna and the circuit board, 
[0031] Further, according to the invention, the connection structure of the 
construction parts on the circuit board is characterized in that, in the connection 
structure between the planar antenna installed in the wireless device and the 
circuit board, the planar antenna comprises: a planar antenna element; a power 
supply strip and a short circuit strip formed by bending two thin strips projected 
from one side end of the antenna element in a substantially vertical direction with 
respect to a plane of the planar antenna element; a power supply terminal and a 
short circuit terminal that are elastically deformable by the bending stress, which 
are formed at tip portions of the power supply strip and the short circuit strip; and 
a plurality of connection spring pins formed by bending a plurality of strips 
projected from a side end of the planar antenna element in the reverse direction 
with respect to the direction to which the power supply strip and the short circuit 
strip are bended, and the circuit board comprises: a power supply circuit and a 
short circuit; and a power supply conductive layer and a short circuit conductive 
layer connected to the power supply circuit and the short circuit, wherein the 
plural connection spring pins of the planar antenna are detachably inserted into a 
plurality of connection holes formed on a surface of a housing arranged in the 
reverse side with respect to the side opposed to the circuit board in a bending 
deformable manner so as to connect mechanically the planar antenna and the 
housing, and, wherein the power supply terminal and the short circuit terminal of 
the planar antenna are electrically connected to the power supply conductive 
layer and the short circuit conductive layer formed on the circuit board. 
[0032] As the another specific example, according to the invention, the 
setting construction of the shield case or the planar antenna on the circuit board 
is characterized in that, in the setting construction of the shield case on the circuit 
board, a plurality of anchor pins having an elastic property are formed integrally 
to a lower end of the shield case made of metal, the anchor pins are inserted into 
through holes arranged to the circuit board, and, a side portion of the anchor pin 
and a side portion of the through hole are pressed with each other, and a ground 
wire arranged on the circuit board at a portion corresponding to the lower end of 
the shield case is electrically connected to at least part of the lower end of the 
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shield case or the anchor pin. 

[0033] As the still another specific example, according to the invention, the 
setting construction of the shield case or the planar antenna on the circuit board 
is characterized in that, in the setting construction of the shield case on the circuit 
board with an outer casing, a plurality of lock pins are formed integrally to an 
upper side of the shield case made of metal, the lock pin is inserted into a 
through hole arranged to an upper portion of the outer casing, a side portion of 
the lock pin presses elastically a side portion of the through hole with each other, 
and on the circuit board, the ground wire arranged to a portion corresponding to 
the lower end of the shield case is connected elastically to at least a part of the 
lower end of the shield case. 

Brief Description of the Drawings 
[0034] For reference, the present invention will be explained with reference 
to the following figures: 

Fig. 1 is a perspective view showing a known connection structure 
between a planar antenna and a circuit board; 

Fig. 2 is a perspective view illustrating a first embodiment of the 
connection structure between the planar antenna and the circuit board according 
to the invention; 

Fig. 3 is a cross sectional view depicting an inserting state between a 
spring pin and a through hole of the first embodiment according to the invention; 

Fig. 4 is a plan view showing a construction of the spring pin; 

Figs. 5A-5C are cross sectional views respectively illustrating one 
example of the spring pin; 

Fig. 6 is a perspective view depicting a planar antenna used in a 
second embodiment of the connection structure between the planar antenna and 
the circuit board according to the invention; 

Fig. 7 is a perspective view showing the planar antenna used in a third 
embodiment of the connection structure between the planar antenna and the 
circuit board according to the invention; 

Fig. 8 is a perspective view illustrating the planar antenna used in a 
fourth embodiment of the connection structure between the planar antenna and 
the circuit board according to the invention; 
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Fig. 9 is a perspective view depicting a detailed construction of a 
pressure-connection terminal of the fourth embodiment according to the 
invention; 

Fig. 10 is a perspective view showing the fourth embodiment of the 
connection structure between the planar antenna and the circuit board according 
to the invention; 

Fig. 1 1 is a perspective view illustrating the planar antenna used in a 
fifth embodiment of the connection structure between the planar antenna and the 
circuit board according to the invention; 

Fig. 12 is a perspective view depicting a construction of the circuit 
board of the fifth embodiment according to the invention; 

Fig. 13 is a graph showing a return loss property both in the case that 
a film is laminated on the planar antenna and in the case that the film is not 
laminated; 

Fig. 14 is a perspective view illustrating a sixth embodiment of the 
connection structure between the planar antenna and the circuit board according 
to the invention in a disassembled manner; 

Figs. 15A-15D are cross sectional views respectively depicting an 
example of the connection structure between the planar antenna and a housing; 

Fig. 16 is a graph showing a relation between a contact pressure and 
the return loss property; 

Figs. 17A and 17B are schematic views respectively illustrating 
another example of the spring pin; 

Fig. 18 is a cross sectional side view depicting a construction of an 
embodiment 1 of a setting construction of a shield case on the circuit board 
according to the invention; 

Fig. 19 is a cross sectional side view showing a construction of an 
embodiment 2; 

Fig. 20 is a cross sectional side view illustrating a construction of an 
embodiment 3; 

Figs. 21A and 21B are cross sectional side views respectively 
depicting a construction such that a distance between anchor pins is designed to 
deviate from a distance between the through holes, thereby pressing a side 
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portion of the through hole with a pressing pressure by a side portion of the 
anchor pin, wherein A shows a design where the anchor pin is not projected from 
the through hole and B illustrates a design where the anchor pin is projected from 
the through hole; 

Figs. 22A and 22b are cross sectional side views respectively 
depicting a construction such that the anchor pin is divided into plural pieces in a 
longitudinal direction and a diameter of the anchor pin is designed to be little 
larger than that of the through hole, thereby pressing a side portion of the through 
hole with a pressing pressure by a side portion of the anchor pin, wherein A 
shows a design where the anchor pin is not projected from the through hole and 
B illustrates a design where the anchor pin is projected from the through hole; 

Fig. 23 is a perspective view depicting a known technique of 
connecting the shield case to the circuit board by brazing; 

Fig. 24 is a cross sectional side view showing a construction of an 
embodiment 4 of the setting construction of the shield case on the circuit board 
with an outer casing according to the invention; 

Fig. 25 is a cross sectional side view illustrating a construction of an 
embodiment 5; 

Fig. 26 is a cross sectional side view depicting a construction of an 
embodiment 6; 

Fig. 27 is a cross sectional side view showing a construction of an 
embodiment 7; 

Figs. 28A and 28B are cross sectional side views respectively 
illustrating a construction such that a distance between lock pins is designed to 
deviate from a distance between the through holes, thereby pressing a side 
portion of the through hole with a pressing pressure by a side portion of the lock 
pin, wherein A depicts a design where a diameter of the through hole is even and 
B shows a design where the through hole has a two step construction such that an 
upper diameter is larger than a lower diameter; 

Figs. 29 A and 29B are cross sectional side views respectively 
depicting a construction such that the anchor pin is divided into plural pieces in a 
longitudinal direction and a diameter of the anchor pin is designed to be little 
larger than that of the through hole, thereby pressing a side portion of the through 
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hole with a pressing pressure by a side portion of the anchor pin, wherein A 
depicts a design where a diameter of the through hole is even and B shows a 
design where the through hole has a two step construction such that an upper 
diameter is larger than a lower diameter; and 

Fig. 30 is a perspective view illustrating a known technique of 
connecting the shield case to the circuit board by brazing. 

Description of the Preferred Embodiment 
[0035] Fig. 2 is a perspective view showing a first embodiment of a connec- 
tion structure between a planar antenna installed in a wireless device and a circuit 
board according to the invention. In this embodiment, a power supply spring 
pin, a short circuit spring pin and a connection spring pin construct respectively 
an elastically bending pin, and a power supply hole, a short circuit hole and a 
connection hole construct respectively an through hole. In addition, a housing 
constructs an outer casing. A planar antenna 10 of this embodiment is integrally 
formed parts made of a metal plate having a thickness of 0.15 mm. The planar 
antenna 10 comprises a planar antenna element 1 1 having a dimension in a 
longitudinal direction of 35 mm and a dimension in a lateral direction of 15 mm, 
a power supply strip 12 and a short circuit strip 13 formed by bending two thin 
strips projected from one lateral side end of the antenna element in a substantially 
vertical direction with respect to a plane of the planar antenna element, and a 
power supply / connection spring pin 14 and a short circuit / connection spring 
pin 15 that are elastically deformable by a bending stress, which are formed at tip 
portions of the power supply strip 12 and the short circuit strip 13. A height of 
the planar antenna 10 is 5 mm. 

[0036] A power supply circuit and a short circuit, to which the power supply 
spring pin 14 and the short circuit spring pin 15 are electrically connected, are 
formed on a surface of a circuit board 21 by means of a printed wiring, but they 
are omitted in Fig. 2. A power supply / connection hole 22 and short circuit/ 
connection hole 23 are formed to the circuit board 21 at portions corresponding 
to the power supply / connection spring pin 14 and the short circuit / connection 
spring pin 15, which are used when the planar antenna 10 is connected to the 
circuit board 21. 

[0037] Fig. 3 is an enlarged cross sectional view showing a part of the circuit 
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board 21 to which the power supply / connection hole 22 and the short circuit / 
connection hole 23 are formed. A power supply conductive layer 24 and a short 
circuit conductive layer 25, which are connected respectively to the power supply 
circuit and the short circuit, are formed on inner walls of the power supply / 
connection hole 22 and the short circuit / connection hole 23. When the planar 
antenna 10 and the circuit board 21 are connected, the power supply / connection 
spring pin 14 and the short circuit / connection spring pin 15, which are formed 
to the planar antenna, are inserted respectively into the corresponding power 
supply / connection hole 22 and the corresponding short circuit / connection hole 
23. In this embodiment, the power supply / connection hole 22 and the short 
circuit / connection hole 23 have a circular cross section having a diameter of 
about 0.8 mm. However, the shape of theses holes may be changed to an oval 
q shape and a slit shape corresponding to a shape of the spring pin. 

fi 

^ [0038] As shown in Fig. 4, the power supply / connection spring pin 14 is 

H divided by a center slit 14a and its tip portion is formed by a pair of projections 

S3 14b and 14c, which widens its tip portion. A length of each projections is 

substantially equal to a thickness of the circuit board 21 i.e. 0.9 mm. If the 
Q power supply / connection spring pin 14 is inserted into the corresponding power 

12 supply / connection hole 22 formed to the circuit board 21, the projections 14b 

jpjj and 14c are elastically deformed by a bending stress in such a manner that they 

FU are closed with each other, and outer ends of the projections are contacted with 

pressure to the power supply conductive layer 24 as shown in Fig. 3. In this 
embodiment, since the power supply / connection spring pin 14 is not deformed 
in a thickness direction of the metal plate but deformed in a direction substantially 
vertical to the thickness direction, an extraordinarily large bending elastic force 
occurs, and thus the power supply spring pin can be contacted with a large 
pressure to the power supply conductive layer. Moreover, in order to generate 
such bending elastic force easily, cutout portions 14d and 14e are formed respec- 
tively to base portions of the projections 14b and 14c. Therefore, an electrically 
stable and low resistive connection can be obtained, and a mechanically strong 
connection can be also obtained. As well, the short circuit / connection spring pin 
15 is constructed as is the same manner as that of the power supply / connection 
spring pin 14 mentioned above, and thus an excellent electrical and mechanical 
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connection to the short circuit conductive layer 25 arranged to the inner wall of 
the short circuit / connection hole 23 can be achieved. 

[0039] Moreover, the power supply / connection spring pin 14 and the short 
circuit / connection pin 15 can be extracted respectively from the power supply / 
connection hole 22 and the short circuit / connection hole 23 by applying a strong 
force in a direction wherein the planar antenna 10 and the circuit board 21 are 
separated with each other. In this case, it is easy to exchange the planar antenna. 
Further, in the case that the wireless device which expires its durable period is 
disposed, the planar antenna 10 and the circuit board 21 can be easily 
disassembled, and thus a recycling cost can be decreased. 

[0040] Figs. 5 A - 5C show various shapes of the power supply spring pin 14 
according to the invention. In the example shown in Fig. 5A, two projections 
14f and 14g are worked respectively into a semicylinder shape. Moreover, 
lengths of these projections are designed to be longer than a thickness of the 
circuit board so as to project its tip portion from a rear surface of the circuit 
board 21 . In this embodiment, the number of the projections is two, but it is 
possible to set the number of the projections to three or four. In the case of 
using the power supply / connection spring pin having the shape mentioned 
above, a shape of the power supply / connection spring pin formed to the circuit 
board is designed to be circular. 

[0041] In the example shown in Fig. 5B, a projection 14h has a curved shape. 
In a free state, the curved shape has a larger curvature as compared with the 
curvature shown in Fig. 5B. Therefore, a tip portion of the projection 14h and a 
side end near the base portion are contacted with pressure to the conductive layer 
24 by a strong bending elastic force generated by a returning motion from the 
state shown in Fig. 5B to the free state. 

[0042] Also in the example shown in Fig. 5C, a projection 14i has a curved 
shape. In this example, a length of the projection 14i is designed to be longer 
than a thickness of the circuit board 21, so that a hook portion 14j projected 
outward from the power supply / connection hole 22 gets stuck on a rear surface 
of the circuit board. Therefore, the connection between the planar antenna 10 
and the circuit board 21 is not easily broken. 

[0043] Fig. 6 is a perspective view showing the planar antenna used in the 
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second embodiment of the connection structure between the planar antenna and 
the circuit board according to the invention. In this embodiment, portions 
similar to those of the first embodiment of the planar antenna 10 mentioned 
above are denoted by the same reference numerals as those of the first embodi- 
ment. In this example, ribs 16 and 17 for reinforcing, which are formed by 
bending both side ends in a longitudinal direction of the planar antenna element 
1 1, are arranged. Heights of these ribs 16 and 17 are 5 mm. Moreover, in this 
example, tip portions of the ribs 16 and 17 for reinforcing, which are formed to 
both side ends in a longitudinal direction of the planar antenna element 11, are 
bent in parallel with a surface of the planar antenna element 11, and a plurality of 
holes 16a and 17a are formed to the bent portions. In the case of assembling the 
planar antenna 10 and the circuit board 21, it is possible to perform an accurate 
positioning between the planar antenna 10 and the circuit board 21 by inserting 
projections formed at corresponding portions on a surface of the circuit board 21 
into the holes 16a and 17a respectively. 

[0044] Fig. 7 is a perspective view showing the planar antenna used in the 
third embodiment of the connection structure between the planar antenna and the 
circuit board according to the invention. Also in this embodiment, portions 
similar to those of the first embodiment of the planar antenna mentioned above 
are denoted by the same reference numerals as those of the first embodiment, and 
the explanations thereof are omitted here. In this example, a plurality of 
connection spring pins 16b and 17b are formed respectively to the tip portions of 
the ribs 16 and 17 for reinforcing, which are formed to both side ends in a 
longitudinal direction of the planar antenna element 11. In Fig. 7, the connec- 
tion spring pin 17b formed to a left side rib 17 is not shown. In the case of 
assembling the planar antenna 10 and the circuit board 21, the connection spring 
pins 16b and 17b mentioned above are elastically inserted with a bending pressure 
into connection holes formed at corresponding portions on a surface of the circuit 
board 21. Since conductive layers are not arranged to the connection holes of 
the circuit board 21 to which the connection spring pins 16b and 17b are inserted, 
characteristics of the planar antenna 10 are not affected. As mentioned above, 
in this example, since the connection spring pins 16b and 17b for connecting 
mechanically the planar antenna 10 and the circuit board 21 are arranged other 
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than the power supply / connection spring pin 14 and the short circuit / 
connection spring pin 15, a further strong connection between the planar antenna 
and the circuit board can be achieved. 

[0045] Fig. 8 is a perspective view showing the planar antenna used in the 
fourth embodiment of the connection structure between the planar antenna and 
the circuit board according to the invention. Also in this embodiment, portions 
similar to those of the first embodiment of the planar antenna mentioned above 
are denoted by the same reference numerals as those of the first embodiment, and 
the explanations thereof are omitted here. In this example, the construction such 
that a plurality of connection spring pins 16b and 17b are formed respectively to 
the tip portions of the ribs 16 and 17 for reinforcing, which are formed to both 
side ends in a longitudinal direction of the planar antenna element 1 1, is the same 
as that of the third embodiment shown in Fig. 7. In this example, a power 
supply pressure-connection terminal 18 and a short circuit pressure-connection 
terminal 19 are formed respectively to tip portions of the power supply strip 12 
and the short circuit strip 13 formed by bending a thin strip projected from one 
side end in a longitudinal direction of the planar antenna element 1 1 . 
[0046] Fig. 9 is a perspective view showing a detailed construction of the 
power supply pressure-connection terminal 18. In this example, the power 
supply pressure-connection terminal 18 comprises: a base portion 18a, which is 
connected continuously to the power supply strip 12 and has a narrow width as 
compared with that of the power supply strip 12; and an elastically deformable 
portion 18b by a bending stress having an elliptic shape, which is connected 
continuously to a tip portion of the base portion 18a. Moreover, a curved 
portion 18c having a large curvature is formed at a substantially center portion of 
the elastically deformable portion 1 8b by a bending pressure. The shape of 
pressure-connection terminal is not limited, and various variations may be used. 
For example, use may be made of a plate spring having U-shape, racetrack shape, 
arc shape or V-shape. That is, use may be made of a shape if a necessary 
contact pressure can be obtained by the applied bending deformation. 
[0047] Fig. 10 is a perspective view showing a state such that the planar 
antenna 10 mentioned above and the circuit board 21 are assembled. The connec- 
tion spring pins 16b and 17b formed to the tip portions of the ribs 16 and 17 for 
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reinforcing, which are arranged at both sides in a longitudinal direction of the 
planar antenna element 11 of the planar antenna 10, are elastically inserted with a 
bending pressure into the connection holes 26 formed at the corresponding 
portions of the circuit board 21, and this connection can be easily released. 
In this case, the power supply pressure-connection terminal 1 8 and the short 
circuit pressure-connection terminal 19 of the planar antenna 10 are respectively 
contacted with pressure to a power supply conductive pad 28 and a short circuit 
conductive pad 28 arranged at corresponding portions on a surface of the circuit 
board 21, thereby connecting them electrically. In this case, since the connec- 
tion is performed by inserting the connection spring pins 16b and 17b into the 
connection holes 26, a large connection force can be obtained. Moreover, since, 
as shown in Fig. 9, the curved portion 18c projected outward is formed to the tip 
portion of the power supply pressure-connection terminal 18 and the short circuit 
pressure-connection terminal 19 has the same construction as that of the power 
supply pressure-connection terminal 18, a low resistive and an electrically stable 
contact can be obtained. 

[0048] Figs. 1 1 and 12 are perspective views showing respectively the planar 
antenna and the circuit board used in the fifth embodiment of the connection 
structure between the planar antenna and the circuit board according to the 
invention. In this embodiment, as shown in Fig. 1 1, the planar antenna 10 
comprises: the power supply / connection spring pin 14 and the short circuit / 
connection spring pin 15 formed respectively to the tip portions of the power 
supply strip 12 and the short circuit strip 13; and a plurality of connection spring 
pins 16b and 17b formed to the tip portions of the reinforcing ribs 16 and 17 
which are formed by bending the both side ends in a longitudinal direction of the 
planar antenna element. Further, in the planar antenna 10 of this embodiment, a 
film 31 made of an electrically insulation material is laminated on a font and a 
rear surfaces thereof. In this example, this laminated film 31 is formed by 
polyimide, but use may be made of the other resins having an electrically 
insulation characteristic. 

[0049] Moreover, as shown in Fig. 12, in the circuit board 21, the power 
supply / connection holes 22 and 23, to which the power supply / connection 
spring pin 14 and the short circuit / connection spring pin 15 mentioned above 
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are inserted, are formed at the portions corresponding to respective spring pins. 
[0050] A reinforcing frame 32 of the planar antenna 10 formed integrally 
with a housing 41 is arranged on the circuit board 21 to which the planar antenna 
10 is assembled. In addition, a plurality of ribs 33 each having the connection 
hole 26, to which the connection spring pin 16b or 17b is inserted, are arranged 
to the reinforcing frame 32. In the wireless device wherein all the parts are 
assembled, the circuit board 21 and the housing 41 are to be connected directly or 
via an intermediate member in a mechanically fixed manner. Therefore, if the 
planar antenna 10 and the reinforcing frame 32 formed integrally with the 
housing are connected in the manner as shown in Fig. 12, it is possible to 
eliminate a mechanical connection between the planar antenna and the circuit 
board 21 . Moreover, use may be made of the power supply pressure-connection 
terminal 18 and the short circuit pressure-connection terminal 19 as a substitute 
for the power supply / connection spring pin 14 and the short circuit / connection 
spring pin 15 of the planar antenna 10. The laminated film 31 functions to 
improve a mechanical strength of the planar antenna 10 and protect the planar 
antenna from an external damage. Therefore, it is possible to make a thickness 
of the metal plate constituting the planar antenna 10 thinner as compared with the 
known one. Further, in the case that the planar antenna is designed to take a 
complicated shape having a cutout portion or a slot portion or take a thinner 
shape for the purpose of achieving a light weight by making it small or thin, the 
laminated film reinforces the metal plate, and thus it is possible to reduce the 
number of connection portions as compared with the case using no laminated 
film and to achieve an excellent mechanical shock resistance. These properties 
are important as the cellular phone terminal. 

[0051] In this embodiment, a front surface and a rear surface of the planar 
antenna 10 are covered with the film 31 made of polyimide as mentioned above. 
In this case, if a thickness of the film is designed to be thicker too much, an 
impedance of the planar antenna is varied from a target impedance value. 
Contrary to this, if a thickness of the film is designed to be thinner too much, it is 
not possible to achieve a sufficient electrically insulation property and a 
sufficient mechanical strength. 

[0052] Fig. 13 is a graph showing a comparison between a return loss in the 
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case of arranging the laminated film having a thickness of 50 (im and a return 
loss in the case of arranging no laminated film. It is understood from Fig. 13 
that an impedance variation of the planar antenna due to the laminated film is 
small. Further, an excellent electrically insulation property and an excellent 
mechanical strength can be maintained if the laminated film is arranged. 
Therefore, the laminated film having the thickness mentioned above is 
particularly preferable. In this case, it is desirable to make a thickness of the 
laminated film thinner and thinner if the electrically insulation property and the 
mechanical strength are maintained. However, if a thickness of the laminated 
film is less that 1 Jim, the electrically insulation property and the mechanical 
strength are not sufficient, and a film forming operation and a laminating 
operation to the planar antenna are very troublesome. Therefore, it is not 
preferred. After various examinations, it is confirmed that, if a thickness of the 
laminated film is not larger than 200 |nm, a return loss of larger than 9.54 dB 
(voltage SWR is not larger than 2) can be obtained on a bandwidth of 170 MHz, 
and a thickness of the laminated film is preferably determined from the viewpoint 
of an excellent electrically insulation property and an excellent mechanical 
strength can be maintained. 

[0053] Fig. 14 is a perspective view showing the planar antenna, the circuit 
board and the housing in a disassembled manner, which are used in the sixth 
embodiment of the connection structure between the planar antenna and the 
circuit board according to the invention. In this embodiment, the reinforcing 
ribs 16 and 17 are formed by bending both side ends in a longitudinal direction of 
the planar antenna 10 in a direction opposed to the circuit board 21 in a 
substantially vertical manner i.e. in a direction faced to the housing 41, and the 
plural connection spring pins 16b and 17b for connecting the planar antenna 10 
and the housing 41 are integrally formed to the tip portions of these ribs. It is 
not shown in Fig. 14, but the connection holes, to which the connection spring 
pins 16b and 17b mentioned above are inserted in a bending elastic manner, are 
formed at corresponding portions of the housing 41 on a surface faced to the 
planar antenna 10. 

[0054] In this embodiment, in the planar antenna 10, the power supply / 
connection spring pin 14 and the short circuit / connection spring pin 15 are 
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formed to the tip portions of the power supply strip 12 and the short circuit strip 
13, and these pins are respectively inserted in a bending elastic manner to the 
power supply / connection hole 22 and the short circuit / connection hoe 23 
formed at corresponding portions of the circuit board 21, thereby connecting 
them electrically and mechanically. Further, a plurality of reinforcing ribs 42 
bending to a side of the circuit board are formed to side ends of the planar 
antenna 10. 

[0055] In the wireless device wherein all the parts are assembled, the circuit 
board 21 and the housing 41 are to be connected directly or via an intermediate 
member in a mechanically fixed manner. Therefore, if the planar antenna 10 
and the housing 41 are connected in the manner as shown in Fig. 14, it is possible 
to eliminate a mechanical connection between the planar antenna and the circuit 
board 21 . Moreover, use may be made of the power supply pressure-connection 
terminal 18 and the short circuit pressure-connection terminal 19 as a substitute 
for the power supply / connection spring pin 14 and the short circuit / connection 
spring pin 15 of the planar antenna 10 as shown in Fig. 8. 
[0056] Figs. 15A - 15D are schematic views respectively showing another 
embodiment of the connection structure for connecting detachably the planar 
antenna 10 and the housing 41. In the embodiment shown in Fig. 15 A, linear 
projections 45a and 45b are formed to the reinforcing rib 16 of the planar antenna 
10 in such a manner that they are inclined inwardly with each other, and concave 
portions 46 are formed at corresponding portions of the housing 41. In this case, 
since resilient forces of the projections 45a and 45b, which are inserted into the 
concave portions 46 in a bending elastic manner, act outwardly with each other, 
it is possible to connect firmly the planar antenna 10 and the housing 41 . 
[0057] In the embodiment shown in Fig. 15B, projections 47a and 47b having 
outwardly curved shapes with each other are formed to the reinforcing rib 16 of 
the planar antenna 10 in an outwardly inclined manner with each other, and 
concave portions 48 formed at corresponding portions of the housing 41 are 
extended outwardly with each other near its bottom portion so as to permit 
insertions of tip portions of the projections 47. In this case, since resilient forces 
of the projections 47a and 47b, which are inserted into the concave portions 46 in 
a bending elastic manner, act inwardly with each other, it is possible to connect 
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firmly the planar antenna 10 and the housing 41 . In addition, since the tip 
portions of the projections get stuck on the concave portions, there is an 
advantage such that the projections are not easily extracted from the concave 
portions. 

[0058] In the embodiment shown in Fig. 15C, projections 48a and 48b each 
having a slit portion are formed to the reinforcing rib 16 of the planar antenna 10, 
and are inserted in a bending elastic manner into the concave portions 46 formed 
at corresponding portions of the housing 41. Moreover, in the embodiment 
shown in Fig. 15D, projections 49a and 49b each having a bifoliate tip portion 
are formed to the reinforcing rib 16 of the planar antenna 10, and are inserted in a 
bending elastic manner into concave portions 50 of the housing 41 whose bottom 
portions are extended in both sides. In this case, since the projections 49a and 
49b get stuck on the bifoliate tip portion of the projections 50, there is an 
advantage such that the projections are not easily extracted from the concave 
portions. 

[0059] As mentioned above, in the connection structure between the planar 
antenna and the circuit board according to the invention wherein the power 
supply spring pin 14 and the short circuit spring pin 15 formed to the planar 
antenna are inserted into the corresponding power supply / connection hole 22 
and the corresponding short circuit / connection hole 23 formed to the circuit 
board 21, it is possible to obtain an extraordinarily larger contact pressure 
between, the power supply spring pin 14 and the short circuit spring pin 15, and, 
the power supply conductive layer 24 and the short circuit conductive layer 25 
formed respectively to inner walls of the power supply / connection hole 22 and 
the short circuit / connection hole 23. For example, when the contact pressure 
was measured in the embodiment shown in Figs. 2 and 3, the measured contact 
pressure was about 1.81 N. On the other hand, a contact pressure measured in 
the known connection structure wherein they are only inserted and no brazed 
with each other was about 0.78 N. Fig. 16 is a graph showing a return loss of A, 
B and C in a relation between frequency (horizontal axis) and signal intensity 
(vertical axis), wherein A, B and C show respectively contact pressures of 0.78 N, 
1.0 N and 1.81 N. From the results of various antenna characteristic tests, it is 
understood that the practical antenna having a return loss of not less than 9.54 dB 
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(Voltage SWR: not less than 2) and a bandwidth of not less than 170 MHz can be 
obtained, if the contact pressure is not less than 1 .0 N. As one example, the 
contact pressure measured in the embodiment shown in Fig. 10 according to the 
invention, wherein use is made of the pressure-connection terminal, was 1.13 N. 
[0060] As mentioned above, in order to obtain a large contact pressure of not 
less than 1.0 N, it is effective to form the planar antenna by a metal having 
excellent mechanical properties such as maximum fracture strength, yield strength 
and Young's modulus for obtaining spring properties. Moreover, as a metal for 
the planar antenna used in the embodiment wherein not only mechanical 
connection but also electric connection are performed, it is necessary to use a 
metal having not only mechanical properties mentioned above but also high 
electric conductivity. As a metal satisfying the above conditions, use may be 
made of brass, phosphorus bronze, nickel copper, titanium copper, Corson alloy 
or beryllium copper. 

[0061] The present invention is not limited to the embodiments mentioned 
above, but various modifications are possible. For example, in the embodi- 
ments mentioned above, a spacer having an electrically insulation property is not 
used, but a supporting member being independent upon the housing may be 
arranged between the planar antenna and the circuit board. For example, in the 
embodiment shown in Figs. 11 and 12, the spacer having an electrically 
insulation property may be used instead of a part of the housing. 
[0062] Further, the constructions of the power supply spring pin, the short 
circuit spring pin and the connection spring pin shown in the embodiments 
mentioned above are not limited, but the other constructions may be used if the 
necessary contact pressure due to the bending elastic deformation maybe 
obtained. For example, as shown in Fig. 17 A, use may be med of a projection 
63 having an opening 62 at its center portion, which is continued from a power 
supply strip 61 formed integrally with the planar antenna element 11. In this 
case, the projection 63 is contacted with a large pressure to an inner wall of the 
hole 22 formed to the circuit board 21 by bending both side portions of the 
projection 63 corresponding to the opening 62 in an elastically deformable manner. 
[0063] Moreover, Fig. 17B shows another embodiment of the power supply 
spring pin shown in Fig. 4. In a power supply spring pin 64 of this embodiment, 
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a flange 66 is continued to a power supply strip 61 formed integrally with the 
planar antenna element 11, and tip portions 68a and 68b are divided by means of 
a slit 67. In this case, s size of the flange 66 is designed to be larger than that of 
the hole 22, to which the power supply spring pin 64 is inserted in a bending 
elastic manner. Therefore, in the case such that the power supply spring pin is 
inserted into the hole, it is possible to insert the power supply spring pin at a 
predetermined depth by inserting it to a level at then a lower side of the flange 66 
is contacted to a surface of the circuit board 21, so that it is possible to set an 
interval between the planar antenna 10 and the circuit board 21 automatically to a 
predetermined value. 

[0064] In the setting construction of a shield case on the circuit board 
according to the invention, as clearly understood from the above explanations, a 
plurality of anchor pins 111 formed integrally with a shield case 101 are inserted 
into through holes 122 of the circuit board 102, and a side portion of the anchor 
pin 1 1 1 presses elastically a side portion of the through hole 122. In this 
manner, thee shield case 101 and the circuit board 102 are firmly connected, so 
that the shield case 101 is set on the circuit board 102. In this embodiment, the 
anchor pin constructs the bending elastic pin. 

[0065] In order to achieve the setting construction mentioned above, as 
shown in Figs. 21 A and 21 B, an interval between the anchor pins 111 having a 
bending elastic property and an interval between the through holes 122 of the 
circuit board 102 are designed to be not equal but slightly deviated. In this case, 
the anchor pin 1 1 1 inserted into the through hole 122 is elastically deformed on 
the basis of the bending elastic property in a right direction or in a left direction, 
and the side portion of the anchor pin 1 1 1 presses the side portion of the through 
hole 122. Moreover, as shown in Figs. 22A and 22B, the anchor pin 1 1 1 having 
a bending elastic property is divided in a longitudinal direction into plural pieces . 
In addition, in a normal state, a diameter of the anchor pin 1 1 1 is designed to be 
slightly larger than that of the through hole 122. Therefore, in the case that the 
anchor pin 1 1 1 is inserted into the through hole 122, the anchor pin is elastically 
deformed on the basis of the bending elastic property at both sides of the divided 
anchor pin, and the side portion of the anchor pin 1 1 1 presses the side portion of 
the through hole 122. 
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[0066] Among the embodiments shown in Figs. 21 A, 21 B, 22 A and 22B, in 
the embodiments shown in Figs. 21 A and 22 A, the anchor pin 1 1 1 is not 
protruded from the through hole 122. In the embodiments shown in Figs. 21B 
and 22B, the anchor pin 122 is protruded from the through hole 122 to a rear 
surface of the circuit board 102, and further a protruded portion is existent in a 
direction of the side portion of the through hole 122. 
[0067] In the embodiments shown in Figs. 2 IB and 22B, the protruded 
portion functions to connect the shield case 101 and the circuit board 102 more 
firmly. 

In the embodiments shown in Figs. 21A, 21B, 22A and 22B, the 
through hole 122 has an opening at a lower side of the circuit board 102, but a 
design of the through hole 122 is not limited to theses embodiments. The other 
design such that the lower side of the circuit board 102 is closed may be used (in 
this case, it is not possible to perform the case such that the anchor pin 1 1 1 is 
protruded from the through hole 122 as shown in Figs. 21B and 22B). 
[0068] As the shield case 101, a box type is normally used which are 
constructed by an upper surface and four side portions opposed with each other, 
but the shield case 101 is not necessarily limited to such a shape. 
[0069] That is, for example, it is technically possible to use the shield case 
101 having a dome shape such as koh-rakuen baseball stadium. 
[0070] On the other hand, the metal plate used for the shield case 101 is 
formed integrally and is worked by a so-called press molding in numerous cases. 
However, the working method is not necessarily limited to the press molding, 
and, for example, it is possible to take a design such that a thin metal plate covers 
a skeleton having a truss structure. 

[0071] In the present invention, the connection using the braze (known 
technique) is not used by performing the connection such that the anchor pin 1 1 1 
is inserted into the through hole 122 of the circuit board 102. Therefore, the 
drawbacks mentioned previously in the (T) - (5) sections can be cleared. 
[0072] Since the connection using the brazing is not used, a slight gap 
(space) is necessarily generated between a lower end of the shield case 101 and 
the ground wire 121 of the circuit board 102. 

[0073] However, in the present invention, at least a part of the shield case 
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101 or the anchor pin 1 1 1 and the ground wire 121 of the circuit board 102 are 
electrically connected. In this case, since the shield case 101 and the ground 
wire 121 have substantially same potential, it is possible to take a design such 
that a leakage of electric field at the gap can be decreased. Moreover, since the 
integrality of the connection can be achieved, it is possible to take a design such 
that a leakage of electromagnetic wave can be decreased. 
[0074] The electrical connection mentioned above can be achieved by 
connecting directly at least a part of the lower end of the shield case 101 or the 
anchor pin 1 1 1 and the ground wire 121, or by connecting them indirectly via a 
conductive member such as metal. 

[0075] Even if the slight electromagnetic wave is leaked outward via the gap, 
the external circuits are not necessarily affected. 

[0076] That is, a level of the leaked electromagnetic wave corresponds to a 
level of the gap, levels of wavelength and amplitude of the electromagnetic wave, 
and a size of the shield case 101 . However, it is known from various tests that 
affection for the external circuit parts due to the leaked electromagnetic wave can 
be prevented by taking a design such that the connection between the shield case 
101 and the circuit board 102 based on the insertion of the anchor pin 1 1 1 is 
made closer so as to minimize the gap. 

[0077] Moreover, since semiconductors such as power amplifier for a high 
frequency circuit are assembled in the shield case 101, the electric parts in the 
shield case 101 generate heat. 

[0078] In order to prevent a deterioration of the electric parts itself due to 
such a heat, a plurality of small holes are sometimes formed to the shield 
case 101. 

[0079] Moreover, in order to prevent a leakage of electromagnetic wave from 
these plural small holes, it is necessary to make a diameter of each small holes 
fine ( a fine level of the diameter corresponds to levels of wavelength and 
amplitude of the electromagnetic wave). However, if a diameter design is too 
fine, a ventilation property of the shield case 101 is decreased and a heat preven- 
tion property is extremely insufficient. In addition, a leakage of 
electromagnetic wave from the small holes is remarkably increased sometimes. 
[0080] In the present invention, as mentioned above, the connection between 
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a lower end of the shield case 101 and the ground wire 121 is sufficiently made 
closer. In addition, use is made of high heat-conductive spring copper or copper 
alloy as the shield case 101 . Therefore, it is possible to take a design such that 
no small holes for heat radiation are arranged. 

[0081] A contact level between the shield case 101 and the circuit board 102 
i.e. a level of the gap corresponds to an interval between the anchor pins 1 1 1 at a 
lower end of the shield case 101 . However, it is known from the inventor's 
examination that, in numerous cases, if a condition such as gap width of not 
greater than 50 Jim and gap length of not greater than 2 mm is maintained, a 
remarkably strong contact force can be obtained and also a necessary shield 
property can be achieved. 

[0082] As a material of the shield case 101 according to the invention, use is 
made of metal or alloy. In this case, it is effective to use copper or copper alloy 
having excellent heat radiation property and electrical conductivity. Particularly, 
it is preferred to use brass, phosphorus bronze, nickel copper, titanium copper, 
Corson alloy or beryllium copper, which have an excellent spring property and 
do not show a permanent deformation. 

[0083] The present invention will be explained with reference to 

embodiments. 

[0084] Embodiment 1 

In the embodiment 1, as shown in Fig. 18, thin plate springs 103 made 
of metal are arranged between a lower end of the shield case 101 and the ground 
wire 121. 

[0085] The thin plate spring 103 mentioned above presses both of the lower 
end of the shield case 101 and the ground wire 121, and functions to compensate 
an electrical contact between them. 

[0086] Instead of a straight shape of the thin plate spring 103 as shown in 
Fig. 18, use may be made of a folding shape or a curved shape. 

But, in the case that it is necessary to minimize the gap between the 
lower end of the shield case 101 and the ground wire 121, it is preferred to use 
the thin plate spring 103 having the straight shape as shown in Fig. 18 as 
compared with the other folding shape or curved shape. 

[0087] The thin plate spring 103 presses the shield case 101 toward an upper 
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side i.e. in a direction departing from the circuit board 102. Therefore, among 
the embodiments shown in Figs. 21A, 21B, 22A and 22B, in the case that the 
anchor pin 1 1 1 is protruded from the through hole 122 at the rear side of the 
circuit boards 102 and further protruded toward the side portion as shown in 
Figs. 2 IB and 22B, since a force pressing the protruded portion upward by the 
thin plate spring 103 can be prevented, it is a preferred embodiment. 
[0088] On the other hand, in the case that the embodiment 1 is applied to the 
designs shown in Figs. 21 A and 22 A, it is necessary to consider a balance 
between an upwardly pressing force of the thin plate spring 103 and a friction 
force generated when the side portion of the anchor pin 1 1 1 presses the side 
portion of the through hole 122. 

[0089] In the embodiment 1, since the thin plate springs 103 are assembled, a 
gap between the shield case 101 and the ground wire 121 is necessarily increased. 
Therefore, whether the thin plate springs 103 are assembled as shown in the 
embodiment 1 or not is appropriately determined in consideration of a level of 
the gap formed due to the thin plate springs 103, levels of frequency and 
amplitude of the electromagnetic wave generated in the shield case 101, a size 
level of the shield case 101, and a level of affection due to the electromagnetic 
wave with respect to the circuit parts in the shield case 101. 
[0090] In this embodiment, it is preferred from the viewpoint of working 
efficiency to form the thin plate springs 103 and the shield case 101 integrally. 
[0091] Embodiment 2 

In the embodiment 2, as shown in Fig. 19, the thin plate spring 103 
made of metal is formed from the side portion of the shield case 101 in an 
oblique and downward direction in such a manner that the thin plate spring 103 
presses an upper surface of the circuit board 102. 

[0092] In Fig. 19, the thin plate spring 103 is projected inwardly in the shield 
case 101, but it may be projected outwardly from an outer surface of the side 
portion of the shield case 101 (if taking into consideration of handling operation, 
it is better to project the thin plate spring inwardly in the shield case). 
[0093] In the embodiment 2, the shield case 101 and the thin plate spring 103 
are not formed integrally. However, since the thin plate spring 103 is not 
arranged between the side portion of the shield case 101 and the ground wire 121, 
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the gap formed between them can be further minimized as compared with the 
embodiment 1. 

[0094] As is the same as the embodiment 1, it is preferred from the viewpoint 
of working efficiency to form the thin plate spring 103 of the embodiment 2 and 
the shield case 101 integrally. 

[0095] Since the thin plate spring 103 of the embodiment 2 presses the circuit 
board 102, a gap between the thin plate spring and the circuit board 102 is hardly 
existent. 

[0096] In the case that the thin plate spring 103 is made of metal, the thin 
plate spring 103 itself exhibits a shield function. 

[0097] Therefore, it is possible to improve sufficiently a shield effect by 
means of the thin plate spring 103, if the ground wire 121 made of metal is 
arranged also at a portion of the circuit board 102 to which the thin plate spring 

103 presses, and further, if the thin plate springs 103 are formed to the inner side 
and the outer side of the shield case 101 alternately and the alternately formed 
thin plate springs 103 surround an overall side portion of the shield case 101 
from one of the inner side and the outer side. 

[0098] Embodiment 3 

In the embodiment 3, as shown in Fig. 20, a conductive paste material 

104 is arranged to a lower end of the shield case 101. 

[0099] In the case that the conductive paste material 104 mentioned above is 
arranged, the lower end of the shield case 101 and the ground wire 121 of the 
circuit board 102 are necessarily filled with the conductive paste material 104, 
and thus there is no gap between them, so that a shield effect of the electro- 
magnetic wave can be exerted sufficiently. 

[0100] Therefore, the embodiment 3 is preferably used in the case that 
wavelength of the electromagnetic wave is small, in the case that amplitude of 
the electromagnetic wave is large, or in the case that a volume of the shield case 
101 is small. 

[0101] In this manner, in the setting construction of the shield case on the 
circuit board according to the invention, the shield effect of the electromagnetic 
wave generated from the electric parts can be achieved by a simple construction 
such that the anchor pin is projected from the lower end of the shield case and is 
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inserted into the through hole of the circuit board. In addition, it is possible to 
eliminate the drawbacks mentioned in the above CD - (5) sections due to the 
brazing. 

[0102] Further, it is possible to eliminate ventilation holes by using copper or 
copper alloy having excellent heat radiation property and electric conductivity as 
the shield case. On the other hand, as shown in the embodiments 2 and 3, it is 
possible to design the construction such that a leakage of the electromagnetic 
wave via the gap between the shield case and the circuit board can be sufficiently 
eliminated. 

[0103] The setting construction of the shield case on the circuit board with an 
outer casing according to the invention comprises the construction such that, a 
plurality of lock pins formed integrally with the shield vase are inserted into the 
through holes arranged to an upper portion of the outer casing, and, a side portion 
of the lock pin presses elastically a side portion of the through hole with each 
other, so that the shield case and the outer casing are firmly connected. In this 
embodiment, the lock pin constitutes the bending elastic pin. 

On the other hand, since the circuit board and the outer casing are 
previously formed integrally, the shield case and the circuit board are connected 
indirectly via the connection mentioned above. This is the basic feature of this 
embodiment. 

[0104] In order to achieve the setting connection mentioned above, as shown 
in Figs. 28A and 28B, an interval between lock pins 21 1 having a bending elastic 
property and an interval between through holes 261 on a circuit board 202 are not 
same but slightly deviated. Therefore, it is possible to take one construction 
such that the lock pin 21 1 inserted into the through hole 261 is elastically 
deformed in right direction or left direction so that the side portion of the lock 
pin 21 1 presses the side portion of the through hole 261, or, another construction 
such that, as shown in Figs. 29A and 29B, the lock pin 21 1 having a bending 
elastic property is divided into plural pieces in a longitudinal direction and, in a 
normal state, a diameter of the lock pin 21 1 is designed to be slightly larger than 
that of the through hole 261, so that the side portion of the lock pin 21 1 presses 
the side portion of the through hole 261 when the lock pin 21 1 is inserted into the 
through hole 261. 
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[0105] Among the embodiments shown in Figs. 28A, 28B, 29A and 29B, in 
the embodiments shown in Figs. 28A and 29 A, a diameter in a cross section of 
the through hole 261 is constant, and, in the embodiments shown in Figs. 28B 
and 29B, a diameter in a cross section of the through hole 261 is designed to be a 
two step construction wherein a diameter at the upper side is larger than that of 
the lower side, and an upper portion of the lock pin 21 1 presses elastically an 
upper portion of the through hole 261. 

[0106] In the embodiments shown in Figs. 28B and 29B, since the upper 
portion of the lock pin 21 1 is protruded in a direction of the side portion with 
respect to the lower portion of the through hole 261, it is possible to achieve 
more firmly connection between the shield case 201 and the outer casing 206. 
[0107] In the embodiments shown in Figs. 28A, 28B, 29A and 29B, the lock 
pin 21 1 is accommodated in the through hole 261, and is not projected outwardly 
from the outer casing 206. However, it is possible to take a design such that the 
lock pin 21 1 is projected outwardly from the outer casing 206 (in the case that 
the outer casing 206 constitutes an outer surface of product, it is not necessary to 
take such a design wherein the lock pin is projected). 
[0108] As the shield case 201, a box type is normally used which are 
constructed by an upper surface and four side portions opposed with each other, 
but the shield case 201 is not necessarily limited to such a shape. 
[0109] That is, for example, it is technically possible to use the shield case 
201 having a dome shape such as koh-rakuen baseball stadium. 
[0110] On the other hand, the metal plate used for the shield case 201 is 
formed integrally and is worked by a so-called press molding in numerous cases. 
However, the working method is not necessarily limited to the press molding, 
and, for example, it is possible to take a design such that a thin metal plate covers 
a skeleton having a truss structure. 

[0111] In the present invention, the connection using the braze (known 
technique) is not used by performing the connection such that the lock pin 21 1 is 
inserted into the through hole 261 of the outer casing 206. Therefore, the 
drawbacks mentioned previously in the ® - @ sections can be cleared. 
[0112] Since the connection using the brazing is not used, a slight gap 
(space) is necessarily generated between a lower end of the shield case 201 and 
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the ground wire 221 of the circuit board 202. 

[0113] However, in the present invention, at least a part of the shield case 
201 and the ground wire 221 of the circuit board 202 are electrically connected. 
In this case, since the shield case 201 and the ground wire 221 have substantially 
same potential, it is possible to take a design such that a leakage of electric field 
at the gap can be decreased. Moreover, since the integrality of the connection 
can be minimized more and more, it is possible to take a design such that a 
leakage of electromagnetic wave can be decreased. 

[0114] The electrical connection mentioned above can be achieved by 
connecting directly at least a part of the lower end of the shield case 201 or by 
connecting them indirectly via a conductive member such as metal. 
[0115] Even if the slight electromagnetic wave is leaked outward via the gap, 
the external circuits are not necessarily affected. 

[0116] That is, a level of the leaked electromagnetic wave corresponds to a 
level of the gap, levels of wavelength and amplitude of the electromagnetic wave, 
and a size of the shield case 201 . However, it is known from various tests that 
affection for the external circuit parts due to the leaked electromagnetic wave can 
be prevented by taking a design such that the gap between the connection 
between the shield case 201 and the circuit board 102 is minimized. 
[0117] Moreover, since semiconductors such as power amplifier for a high 
frequency circuit are assembled in the shield case 201, the electric parts in the 
shield case 201 generate heat. 

[0118] In order to prevent a deterioration of the electric parts itself due to 
such a heat, a plurality of small holes are sometimes formed to the shield 
case 201. 

[0119] Moreover, in order to prevent a leakage of electromagnetic wave from 
these plural small holes, it is necessary to make a diameter of each small holes 
fine ( a fine level of the diameter corresponds to levels of wavelength and 
amplitude of the electromagnetic wave). However, if a diameter design is too 
fine, a ventilation property of the shield case 201 is decreased and a heat 
prevention property is extremely insufficient. In addition, a leakage of 
electromagnetic wave from the small holes is remarkably increased sometimes. 
[0120] In the present invention, as mentioned above, the connection between 
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a lower end of the shield case 201 and the ground wire 221 is sufficiently made 
closer. In addition, use is made of high heat-conductive spring copper or copper 
alloy as the shield case 201. Therefore, it is possible to take a design such that 
no small holes for heat radiation are arranged. 

[0121] A contact level between the shield case 201 and the circuit board 202 
i.e. a level of the gap corresponds to an interval between the lock pins 21 1 at a 
lower end of the shield case 201 . However, it is known from the inventor's 
examination that, in numerous cases, if a condition such as gap width of not 
greater than 50 jlm and gap length of not greater than 2 mm is maintained, a 
remarkably strong contact force can be obtained and also a necessary shield 
property can be achieved. 

[0122] As a material of the shield case 201 according to the invention, use is 
made of metal or alloy. In this case, it is effective to use copper or copper alloy 
having excellent heat radiation property and electrical conductivity. Particularly, 
it is preferred to use brass, phosphorus bronze, nickel copper, titanium copper, 
Corson alloy or beryllium copper, which have an excellent spring property and 
do not show a permanent deformation. 

[0123] The present invention will be explained with reference to embodiments. 
[0124] Embodiment 4 

In the embodiment 4, as shown in Fig. 24, thin plate springs 203 made 
of metal are arranged between a lower end of the shield case 201 and the ground 
wire 221. 

[0125] The metal thin plate spring 203 mentioned above presses both of the 
lower end of the shield case 201 and the ground wire 221, and functions to 
compensate an electrical contact between them. 

[0126] Instead of a straight shape of the metal thin plate spring 203 as shown 
in Fig. 24, use may be made of a folding shape or a curved shape. 

But, in the case that it is necessary to minimize the gap between the 
lower end of the shield case 201 and the ground wire 221, it is preferred to use 
the metal thin plate spring 203 having the straight shape as shown in Fig. 24 as 
compared with the other folding shape or curved shape. 

[0127] The metal thin plate spring 203 presses the shield case 201 toward a 
side of the outer casing 206, it is possible to connect the outer casing 206 and the 
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shield case 201 more and more firmly. 

[0128] In the embodiment 4, since the metal thin plate springs 203 are 
assembled, a gap between the shield case 201 and the ground wire 221 is 
necessarily increased. Therefore, whether the metal thin plate springs 203 are 
assembled as shown in the embodiment 4 or not is appropriately determined in 
consideration of a level of the gap formed due to the metal thin plate springs 203, 
levels of frequency and amplitude of the electromagnetic wave generated in the 
shield case 201, a size level of the shield case 201, and a level of affection due to 
the electromagnetic wave with respect to the circuit parts in the shield case 201 . 
[0129] In this embodiment, it is preferred from the viewpoint of working 
efficiency to form the metal thin plate springs 203 and the shield case 201 
integrally. 

[0130] Embodiment 5 

In the embodiment 5, as shown in Fig. 25, the thin plate spring 203 
made of metal is formed from the side portion of the shield case 201 in an 
oblique and downward direction in such a manner that the metal thin plate spring 
203 presses an upper surface of the circuit board 202. 

[0131] In Fig. 25, the metal thin plate spring 203 is projected inwardly in the 
shield case 201, but it may be projected outwardly from an outer surface of the 
side portion of the shield case 201 (if taking into consideration of handling 
operation, it is better to project the thin plate spring inwardly in the shield case). 
[0132] In the embodiment 5, the shield case 201 and the metal thin plate 
spring 203 are not formed integrally. However, since the metal thin plate spring 
203 is not arranged between the side portion of the shield case 201 and the 
ground wire 221, the gap formed between them can be further minimized as 
compared with the embodiment 4. 

[0133] As is the same as the embodiment 4, it is preferred from the viewpoint 
of working efficiency to form the metal thin plate spring 203 of the embodiment 
5 and the shield case 201 integrally. 

[0134] Since the metal thin plate spring 203 of the embodiment 5 presses the 
circuit board 202, a gap between the metal thin plate spring and the circuit board 
202 is hardly existent. 

[0135] In the case that the thin plate spring 203 is made of metal, the thin 
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plate spring 203 itself exhibits a shield function. 

[0136] Therefore, it is possible to improve sufficiently a shield effect by 
means of the metal thin plate spring 203, if the ground wire 221 made of metal is 
arranged also at a portion of the circuit board 202 to which the metal thin plate 
spring 203 presses, and further, if the thin plate springs 203 are formed to the 
inner side and the outer side of the shield case 201 alternately and the alternately 
formed metal thin plate springs 203 surround an overall side portion of the shield 
case 201 from one of the inner side and the outer side. 
[0137] Embodiment 6 

In the embodiment 6, as shown in Fig. 26, the metal thin plate springs 
203, which function to press both of the shield case 201 and the outer casing 206, 
are arranged between an upper side of the shield case 201 and the outer casing 206. 
[0138] Since the metal thin plate spring 203 presses the shield case 201 
toward a side of the circuit board 202, a gap between them can be decreased and 
a shield effect can be improved. 

[0139] In this case, since the metal thin plate spring 203 of the embodiment 6 
function s to press both of the shield case 201 and the outer casing 206, it is 
possible to prevent the function of the metal thin plate spring 203 mentioned 
above in the embodiments shown in Figs. 28B and 29B wherein a diameter of the 
upper portion of the lock pin 21 1 is protruded with respect to the lower side of 
the through hole 261 . Therefore, it is a preferred embodiment. 
[0140] Contrary to this, in the case that the embodiment 6 is applied to the 
designs shown in Figs. 28A and 29 A, it is necessary to consider a balance 
between a pressing force due to the metal thin plate spring 203 and a friction 
force generated when the side portion of the lock pin 21 1 presses the side portion 
of the through hole 261. 
[0141] Embodiment 7 

In the embodiment 7, as shown in Fig. 27, a conductive paste material 
204 is arranged to a lower end of the shield case 201 . 

[0142] In the case that the conductive paste material 204 mentioned above is 
arranged, the lower end of the shield case 201 and the ground wire 221 of the 
circuit board 202 are necessarily filled with the conductive paste material 204, and 
thus there is no gap between them, so that a shield effect of the electromagnetic 
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wave can be exerted sufficiently. 

[0143] Therefore, the embodiment 7 is preferably used in the case that 
wavelength of the electromagnetic wave is small, in the case that amplitude of 
the electromagnetic wave is large, or in the case that a volume of the shield case 
201 is small. 

[0144] In this manner, in the setting construction of the shield case on the 
circuit board with the outer casing according to the invention, the shield effect of 
the electromagnetic wave generated from the electric parts can be achieved by a 
simple construction such that, in the circuit board with the outer casing, the lock 
pin is projected from the upper end of the shield case and is inserted into the 
through hole of the outer casing. In addition, it is possible to eliminate the 
drawbacks mentioned in the above ® - (5) sections due to the brazing. 
[0145] Further, it is possible to eliminate ventilation holes by controlling the 
gap between the under end of the shield case and the ground wire of the circuit 
board. On the other hand, as shown in the embodiments 5, 6 and 7, it is 
possible to design the construction such that a leakage of the electromagnetic 
wave via the gap between the shield case and the circuit board can be sufficiently 
eliminated. 
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